We consider superconductivity confined at a two-dimensional interface with a strong surface spin-orbit (Rashba) interaction. Some peculiar properties of this system are investigated. In particular, we show that an in-plane Zeeman field can induce a supercurrent flow. Table 6 .1 of [9] shows that, e.g., Mo 3 Al 2 C (symmetry P 4 1 32), La 5 B 2 C 6 (symmetry P 4) and Mo 3 P (symmetry I4) are all without inversion centers. Furthermore, 1
Most superconductors have their underlying crystal structures and the normal states obeying inversion symmetry. This symmetry allows the classification of superconductors [1] [2] [3] into singlet and triplet pairing, and correspondingly even and odd symmetry of the order parameter under sign change of momentum p → − p, i.e. the opposite sides of the Fermi surface. This classification has played an important role in our current understanding of superconductors and their properties. Most "conventional" superconductors such as Nb and Pb are singlet s-wave [4] , oxide superconductors are likely to be singlet d-wave [5] , whereas superfluid 3 He is triplet p-wave [6] .
When inversion symmetry is absent in the normal state, such classification is no longer possible. The superconducting pairing can thus be neither singlet nor triplet [7] , and the order parameter neither even nor odd under p → − p. The superconductor can therefore have rather peculiar physical properties when compared with those where the above mentioned classification can be made. This absence of inversion symmetry may be relevant to some known superconductors. (see also references cited in [8] ) An examination of the list of superconductors in Table 6 .1 of [9] shows that, e.g., Mo 3 Al 2 C (symmetry P 4 1 32), La 5 B 2 C 6 (symmetry P 4) and Mo 3 P (symmetry I4) are all without inversion centers. Furthermore, two-dimensional (2d) surface superconductivities have been induced by gate electric potentials in C 60 and some molecular crystals in the field-effect-transistor geometry [10, 11] .
There is no inversion symmetry in these cases since "up" and "down" are different due to the electric gates, substrates etc.
Some properties of superconductors without inversion centers have already been studied theoretically before (see [7, 8] and references therein). For definiteness and motivated by the last mentioned examples above, we here consider, as in [7, 8] , a 2d superconductor at an interface with no "up-down" symmetry. As pointed out there, one potentially important effect due to the lack of inversion symmetry in such a geometry is the existence of a surface spin-orbit coupling or Rashba [12] term in the Hamiltonian of the form −αn × p · σ. Herê n is the surface normal and σ are the Pauli spin matrices. This term acts like an effective magnetic field alongn × p and thus splits the spin degeneracy of the electrons at a given momentum p. The energy difference near the Fermi level can be large: in some systems it is known to be of order 0.1eV [13] , and is therefore expected to be much larger than the superconducting gap ∆ even for a transition temperature ∼ 100K. Rashba splitting of this magnitude hence is expected to have dramatic effects on the superconducting properties in these systems. Some physical consequences due to this spin-orbit coupling term have been considered in [7, 8] using Green's function approach. Gor'kov and Rashba [7] calculated the spin susceptibility in this system. Edelstein [8] pointed out an interesting magnetoelectric effect, that a spin-polarization can be induced by a supercurrent flow. Here we shall reconsider these physical properties under the most probable case where
using simple physical arguments. [ Here p F is the Fermi momentum and m is the effective mass. The definition of p F will be made more precise below]. In addition, we give a more complete description of the magneto-electric effect in this system. More precisely, we shall show the existence of an inverse effect, i.e., a supercurrent can be induced by an applied Zeeman field. The relation of this effect to that proposed by Edelstein and the possibility of its experimental observation is discussed.
We shall then consider a two-dimensional electronic system lying in the x-y plane. The one-body part of the Hamiltonian is given by
withn =ẑ. We shall first summarize some consequences of eq (2) which we shall need below. As mentioned, the effect of the Rashba term is like a Zeeman field alongn × p. The eigenstates of this spin-dependent part of the Hamiltonian thus correspond to states with spins along and opposite to this direction. We shall label these spin states by | p, + > and | p, − > respectively. The spinors for these states can be chosen to be ( by rotating those for an up and down spin by − π 2 alongp),
where φ p is the angle betweenp and thex axis in the plane. The energy of these states at a given momentum p are given by ǫ p,± = Zeeman field, the |+ > state is modified to become
according to perturbation theory. The expectation value of theẑ magnetic moment is given
(using the spinors in (3)). Similar expressions apply to |− >. A net magnetic moment is present at momentum p if |+ > is occupied whereas |− > is not. The total magnetic moment of the system is therefore given by
Using the expressions for p F ± , we obtain χ V ⊥ = m πh 2 µ 2 = χ 0 , the same spin susceptibility in the absence of spin-orbit coupling.
Now consider a magnetic field in the plane, e.g., along theŷ axis. To calculate the spin susceptibility it is convenient, for each momentump, to resolve B into components parallel and perpendicular to the momentum direction p (see Fig. 1 ). The former (latter) field is perpendicular (parallel) to the original spin direction, and can only give rise to a Van Vleck (Pauli) contribution to the net magnetic moment. One easily finds, using arguments as in the last two paragraphs, the results
and
The 1/2 in eq (6) and (7) are due to angular averages. We obtain finally χ = χ
Hence the spin susceptibility is not affected at all by the Rashba term. This result has been obtained also in [7] . Now we consider the superconducting state. We shall consider the case where the Cooper pairing occurs between the ± p particles from the same band, i.e., between | p, + > and | − p, + > on the one hand (see Fig. 1 ) and between | p, − > and | − p, − > on the other. We shall also limit ourselves to the case where the energy gaps ∆ ± may be different for the two bands but isotropic in momentum space. That the pairing occurs only within the same band is reasonable since we assume that the energies associated with the pairing ∆ ± are much less than the energy separation between the two bands 2αp F ± for a given momentum p near p F ± (see eq (1)). The assumption of this pairing is consistent with that in [7] . We shall not justify it here and shall simply consider its physical consequences. Situations where ∆ ± arê p dependent seem also possible and the following results can be generalized to these cases by simple arguments.
Consider now the spin susceptibility in the superconducting state, first for a magnetic field perpendicular to the plane. In this case argument as in the normal state shows that the Pauli susceptibility vanishes. The Van Vleck susceptibility, being generated by virtual processes to states with energy separations much larger than ∆ ± (if (1) applies), is little affected. We get therefore χ . The total magnetization of the |+ > band is given by summing over p, which is the same as multiplying by 
[ This Pauli contribution is therefore due to the fact that states with p x > 0 are more likely to be occupied than p x < 0 under the field B y .] The reverse situation applies for the |− > band. The total (number) current density from both bands due to these population changes is given by
The superscript P denotes that this is the "Pauli" contribution. In addition to this, there is also a "Van Vleck" contribution. The velocity of an electron at p, given by v = Under the magnetic field B y , the |+ > state is modified as in eq (4) with σ z → σ y . Hence the expectation value of v x is given by (
term is the velocity of the |+ > particle in the absence of B and its contribution to the current was taken into account by the Pauli term evaluated before. The second term, equals
, is present due to the modification of the state under the Zeeman field. We shall call its contribution to the current a Van Vleck contribution analogous to the case for the spin susceptibility. A net Van Vleck contribution at p is present only if |+ > is occupied whereas |− > is empty. The total Van Vleck current is thus
where the factor 1/2 arises from angular average. We hence obtain
giving J x = J In the superconducting state the calculation of J is similar to that of the susceptibility. The Van Vleck contribution J V is unaffected, while the Pauli contribution has to be multiplied by the Yosida functions. We therefore get
where
We can similarly investigate the effect pointed out by Edelstein [8] , i.e., the generation 
It can be easily seen that thex magnetic moment vanishes due to angular average overp.
The above result eq (13) is when all electrons remained paired. At finite temperatures, we need to take into account the contribution from broken pairs. For this it is essential to note that, under the phase gradient, the energies for a broken pair with particles occupied at p is given by E p + v F ( p) · q/2, where E p is the energy given before for no phase gradient.
The thermal-averaged magnetic moment for the ± p states is given by an expression similar to (8) in the susceptibility calculation with
therefore physically due to the "backflow", that it is easier to thermally excite quasiparticles with momentum opposite to the superfluid flow. These particles have a net magnetic moment along −ŷ for the |+ > band.] A similar expression applies for the |− > band. Combining these with eq (13), we therefore have finally
with κ(T ) already defined in eq (12) . For T near T c , we can perform an expansion in
] Our expression then agrees with that given by Edelstein [8] , who investigated the effect only near T c .
The two magneto-electric effects above are related. They are connected by the fact that there is a cross-term in the free energy density F (T ; q x , B y ) given by − κ(T ) 2 q x B y . Eq (14) and (11) can be reproduced by using the relations M y = −∂F/∂B y and J x = 2∂F/∂q x .
Generally, the current J x and magnetization M y are given by the constitutive equations
where ρ s is the superfluid (number) density.
The supercurrent induced by the in plane Zeeman field given in eq (11) can be sizeable and should be experimentally observable. The order of magnitude of the electric current I at T << ∆ for a sample of width w induced by the magnetic field is given by
where we have defined a length l of order of interparticle distance through the two dimensional number density n by n = l −2 . If
is not too small, say ∼ 0.1, a current of order of mA seems easily achievable for samples of mm size under a magnetic fields of order 100G if l ∼ 10Å, say. Measurement of this current seems much easier than the induced magnetization predicted by Edelstein [8] .
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